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INTRODUCTION

Prion diseases are fatal neurodegenerative diseases of mammals and include
Creutzfeld-Jacob disease (humans), scrapie (sheep), chronic wasting disease (elk, deer), and
mad cow disease (cattle).(1) The diseases are characterized by the conversion of normal prion
protein (PrP) to a misfolded conformational state that aggregates and forms plaques in the
brain. Although this conversion process is poorly understood, it is known that the aggregate-
prone form has a higher 3-sheet content than does normal PrP. To differentiate between normal
PrP and its misfolded, infectious form and assist in diagnosis of the diseased state, we wish to
design a reporter PrP substrate peptide that will exhibit unique fluorescent properties upon
contact with infectious PrP and/or its subsequent conversion. The sequence of the reporter
peptide will be based upon experiments conducted with recombinant PrP. We will identify
individual PrP residues that undergo changes in their local solvent environment upon
conversion by measuring the fluorescence emission spectra of a series of mutant 7-AzaTrp-
substituted PrP proteins. The 7-AzaTrp absorbance spectrum is red-shifted compared with Trp,
and its fluorescence emission spectrum is exquisitely sensitive to its local environment.(2)
Therefore, the conversion of the analog-substituted PrP substrate will be easily detected against
a background of Trp-containing protein aggregates.



BODY
Overview

In this past year we have finished Task 1 and have made some progress on Task 2. We
have asked for, and received, an no-cost extension so that the work may be completed. (As
such, this is not actually the "final" report and is written as a third "annual" report.)The extension
was necessitated by continued difficulties in training personnel. The student who was being
trained during year 2, Ms. Yanchao Ran, was unable to meet the academic requirements of the
program and left the university. Dr. Rong Wang finished his limited work on copper binding to
several of the Trp mutants (Task 1e) before starting his postdoctoral studies at Rocky Mountain
Laboratories/NIAID. A new graduate student, Mr. Chris Lennon, along with Dr. Holly Cox, a
short-term hire at the post-doctoral level, began using a new technique to help define regions of
difference between a- and B-forms of PrP. These have resulted in an article that was recently
submitted to Biochemistry. To better understand our results, we have entered into a
computational study in collaboration with Dr. Patrik Callis, an expert in the theoretical
understanding of Trp fluorescence in proteins. We anticipate being able to publish the
fluorescence data shortly. Ms. Jessica Gilbert is a new graduate student who is continuing to
work on this project. Dr. Scott Hennelly also worked part-time on the project this year, to
facilitate the transfer of knowledge and technique development.

Accomplishments related to Task 1. Identify surface residues of the normal PrP form that
change conformation and/or participate in binding to aggregated PrP. (Months 1-24)

la) Express a series of Trp-substituted mutants of truncated Syrian hamster PrP (90-231)
in E. coli.

Expression: We have expressed truncated Syrian golden hamster PrP (residues 90-231) in E.
coli, as outlined in the Methods Section of our proposal. We continue to use the robust pET
expression vector and the Rosetta cell strain (Novagen) for expression, since it is proven to
work for full-length PrP. (5) By using the commercially available Rosetta cell strain from
Novagen, we have increased the expression levels of both full-length and truncated PrP to
nearly 30 mg/liter of culture.

Mutants Produced: This year finished making all the desired priority mutants that were
summarized in Table 1 of the previous report (11 total).

Purification: We have purified all eleven mutants to homogeneity using the protocol outlined in
the previous report. Typical yields are 10 mg purified PrP per liter of culture. One mutant in
particular, G123W, was obtained only in low yields.

Tasks 1 (b-d) For each mutant: (b) determine the stability of the a-structure by CD
(circular dichroism) temperature unfolding experiments; (c) determine the solvent
exposure of the introduced Trp residue by fluorescence spectroscopy; and (d) determine
if conversion to a soluble B-structure changes the solvent exposure by fluorescence
spectroscopy.

This has been done for each of the 10 Trp-containing mutants (in duplicate), as previously
described. All mutants were stable below 55C. The fluorescence results are summarized in
Table 1 and represent data normalized to 20 uM protein.



Protein Anmax shift] Intensity a-PrP B-PrP
(a--> B) | change (A max, Signal (A max, Signal
(nm) (%) Intensity) Intensity)
W99 -2 +12 352 0.100 350 0.112
(W145Y)
G123wW -5 -2 353 0.276 348 0.272
(W99F/W145Y)
L125W -5 +25 351 0.143 346 0.18
(W99F/W145Y)
S135W -10 -45 354 0.416 344 0.221
(W99F/W145Y)
D144W -9 -23 354 0.228 345 0.174
(W99F/W145Y)
W145 -3 +33 352 0.201 349 0.268
(W99F)
Y150W +8 -71 381 0.100 389 0.028
(W99F/W145Y)
N159W -8 -40 352 0.471 344 0.280
(W99F/W145Y)
Y163W +10 +295 335 0.071 345 0.21
(W99F/W145Y)
Y218W +13 +295 334 0.049 347 0.146
(W99F/W145Y)

Table 1. Mutants of PrP prepared in this study.

The data indicate that Y163W and Y218W may be the best reported positions of B-PrP,
since they undergo large intensity increases and red-shifts. We will continue to work on
understanding the fundamental properties of these mutants as we move toward developing the
reporter peptide in Task 2.

The availability of the coordinates for two distinct models for B-PrP makes it possible to
do detailed computational analyses of the Trp fluorescence data. This will be done with the
guidance of Dr. Patrik Callis from Montana State University/Bozeman. Dr. Callis is a world-
renowned expert in the theory and computational analysis of Trp fluorescence. (11,12) We plan
to interpret the fluorescence spectra of a-PrP in relation with its NMR structure, and to then do
the same for the two B-PrP models. This was not accomplished in the previous year because
Dr. Callis did not have anyone available to work on the project. This is no longer a problem.
Preliminary analysis of the data in Table 1 lead us to believe that neither model can account for
the sum of the observed Trp fluorescence behaviors of the $-PrP mutants we produced.
Whereas one model better fits the data generated from one mutant, the other model better fits
the data from a different mutant. Hence, we believe that neither model is likely to be "correct"
and that the true structure of B-PrP must be different from either model.

We have followed the kinetics of conversion of Y150W and wild type PrP to the B-PrP
state by Asymmetric Flow Field Flow Fractionation (AF4) and ANS fluorescence (Figure 1).
ANS monitors the formation of B-PrP by changing the fluorescence of the ANS dye, while AF,
montiors changes in aggregate size. The Y150W protein converted twice as fast as the wild
type protein (both techniques gave the same results). Analysis of the aggregate size using the
MALS detector suggests that the B-form is best described as an octamer. We plan to check the
kinetics of other mutants in the future, especially the reportere protein designed in Task 2.



Figure 1. AF, trace of the conversion of wild type PrP.
Inset: conversion monitored by ANS binding

i . Task le. For each mutant,

11— 3 oss [— determine if copper or manganese
7 |—— 30min i binding influences fluorescent
| zero 8 oo spectrum of either the soluble a-
—— 2hr40min form or soluble B-form.
Ty Visowt 1z <280 We have found that copper(ll) does
indeed influence the fluorescence
spectrum of the Trp mutants, but in a

non-specific way. Copper(ll) is
reported to bind to residues 90-119,
interacting and ligating specifically
with His96 and possibly His111.

Table 2. Measured Kd values of Cu(ll)

T T T T T T T T T T T T T T T T 1 Sample Kd app Kd a‘pp
0 2 4 6 8 10 12 14 16 (UM) (uUM)
Time (min.) 50mM 0.1 M TriS,
MOPS, pH 8.5
pH 8.5
When we measured the Trp fluorescence of the ild type | Vil type 140 571
protein, we found that Cu(ll) did indeed quench the Trp W99 only 90 461
fluorescence signal (Table 2 and Figure 2). The W145 only 148 nd
observed Kd was buffer-dependent, with more copper L125W only 195 751
being required to quench the signal when a metal NATA d 670
chelating buffer such as Tris was used. We then began
to investigate the specificity of the quenching, by (tryptophan)

testing different Trp mutants. If the quenching is caused by copper binding at the His96 site,
then we reasoned that W99 might show a strong quenching whereas W145 would not. To our
surprise, this was not the case. We then tested the L125W mutant. Again, we anticipated that
we would observe very different observed Kd values, since L125W and W145 are on opposite
faces of the a-PrP structure. Although the copper site at His96 is in the dynamically floppy N-
terminus, it cannot "reach around” to the L125W site, whereas it can readily access W145 and
W099. To our surprise, the Kd values of the L125 mutant were similar to other mutants. Indeed,
when we tested N-acetyltryptophanamide, we found that is is similarly quenched by Cu(ll). We
interpret this to mean that the quenching is due to excess copper interacting with the protein in
general and is not due to the specific binding of copper at His96. Thises findings are significant
for two reasons: (1) they refute published data that claim evidence of a high affinity copper
binding site at His99, as determined by the quenching of Trp fluorescence in the multi-Trp, full-
length protein; and (2) the very high concentrations of copper required to quench the Trp
fluorescence of PrP are non-physiological and will not interfere with the fluorescence of any
reporter protein we use in Task 2.
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Figure 2. Quenching of Trp Fluorescence by Cu(ll).

In our quest to better understand the differences between the a and  forms of PrP, we
chose to do additional biophysical studies. We used two nitration agents, peroxynitrite and
tetranitromethane, to probe the isoforms for structural differences. These reagents chemically
modify Tyr residues. We discovered that Tyr149 and Tyrl150 are reactive only in the 3-form,
whereas Tyr 162 and Tyr 163 were somewhat reactive in both. Tyr218 was much less reactive
in the B-form. Like Trp fluorescence, susceptibility to nitration is dictated by many factors other
than solvent exposure. However, the combined results suggest that we should pursue Y150W,
Y163W and Y218W for Task 2 studies. The nitration experiments have been submitted to
Biochemistry — see attached manuscript.

Accomplishments related to Task 2. Create a 7-AzaTrp-substituted PrP protein as a
reporter protein that may be used to detect infectious PrP in the field. The fluorescence
spectrum of this substrate protein will be determined in its soluble a- and B-forms. The
substrate protein will be exposed to an aggregated, insoluble B-form of PrP (PrP-res)
produced by in vitro techniques. This will mimic the conversion of the substrate protein
by infectious PrP. The overall yield and time course of conformational changes in the
substrate protein will be determined by monitoring changes in the 7-azatryptophan
fluorescence. (Months 25-36)

We have chosen to focus on three mutants for this study, as the newly introduced
mutants that were added to the mutant list (Table 1) did not show any more advantageous
behavior. Of the mutants, Y163W shows the greatest increase in fluoresecence intensity upon
conversion to the B-form (see prior report), but the nitration data suggests that all three should
be examined. Recently we have begun making fibrils of recombinant PrP, with the advice of Dr.
Roger Moore from Rocky Mountain Labs. We are now in a position to assess if large changes in
fluorescence will also occur upon conversion of these three mutants to the fibrillar form. This will
provide the basis for completing this task. If the fibrillar forms of the AzaTrp-subsituted mutants
show the anticipated changes, we will conclude the study by measuring the changes that occur
when a seed of normal protein is used to fibrillize the best of the three AzaTrp mutant reporter
proteins.



KEY RESEARCH ACCOMPLISHMENTS

Produced, purified, and characterized eleven mutants of Syrian hamster prion protein

o Measured the fluorescence emission spectra of these mutants in their normal
monomeric a-form

o Determined the fluorescence emission spectra of the mutants after conversion to the -
form

o Determined that Y150W, Y163W, and Y218W are the three candidates for reporting
structural changes that accompany conversion

e Submitted a paper to Biochemistry

REPORTABLE OUTCOMES:

The first YYR motif and the C-terminus of PrP undergo structural changes upon conversion to the p-form
of PrP.  See Probing Structral Differences in Prion Protein Isoforms by Tyrosine Nitration. CW Lennon,
HD Cox, SP Hennelly, SJ Chelmo, and MA McGuirl; submitted to Biochemistry Augist 2006

CONCLUSIONS:

We have made substantial progress toward determining key residues of the prion protein
that undergo structural perturbations upon conversion to the disease-causing conformation. We
have identified several positions that report on the structural changes associated with
conversion. We have improved our productivity by purchaseing an M2e microplate reader with
fluorescence capabilities. This will streamline the time needed to complete the measurements
and allow us to assay fibrils by fluorescence.
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Probing Structral Differences in Prion Protein Isoforms by Tyrosine Nitration. CW Lennon, HD Cox, SP
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Abstract

Two conformational isomers of recombinant hamster prion protein (residues 90-
232) have been probed by reaction with two tyrosine nitration reagents, peroxynitrite
and tetranitromethane. Two conserved tyrosine residues (tyrosines 149 and 150) are
not labeled by either reagent in the normal cellular form of the prion protein. These
residues become reactive after the protein has been converted to the (-oligomeric
isoform, which is a model of the fibrillar form that causes disease. After conversion, a
decrease in reactivity is noted for two other conserved residues, tyrosine 225 and
tyrosine 226, whereas little to no effect was observed for other tyrosines. Thus,
tyrosine nitration has identified two specific regions of the normal prion protein
isoform that undergo a conformational change upon conversion.

Introduction

Prion diseases are a class of fatal neurodegenerative disorders (1, 2) that include
Creutzfeldt-Jakob disease, Gerstmann-Straussler-Scheinker syndrome, kuru and
fatal familial insomnia in humans, bovine spongiform encephalopathy (mad cow) in
cows, chronic wasting in deer and elk, and scrapie in sheep. Prion diseases belong
to the larger category of amyloidoses that also includes Alzheimer's, Parkinson's,
Huntington's and Amylotrophic Lateral Sclerosis diseases. The common
characteristic of amyloid diseases are the formation of ordered aggregates of
misfolded proteins in the brain, which are associated with plaque deposits and
neurodegeneration (3). Each type of amyloidosis is associated with a specific
misfolded protein; prion diseases involve the prion protein (PrP). However, prion
diseases are also unique among amyloidoses in that they are transmissible, in
addition to being inherited or sporadic (2, 4).

Unlike other infectious agents, prions do not require a nucleic acid
component, i.e., DNA or RNA, for infection to occur. Indeed, the name “prion” is
derived from the blending of the first two syllables of the term “proteinaceous
infectious” particle (5). According to the "protein only" hypothesis of prion replication,
an infectious, misfolded oligomeric PrP particle causes the normal, non-infectious
monomeric cellular form of PrP, called PrP®, to undergo a conformational change.
This conversion event leads to the incorporation of normal PrP monomers into the
infectious aggregated particle, ultimately leading to the formation of fibrils. The fibrillar
form of PrP is known as PrP*, since it was first associated with scrapie. No covalent
modifications are known to occur during or after the conversion process; the
difference between PrP® and PrP* is purely conformational (6, 7).

Syrian hamster PrP is an extracellular neuronal protein that is made from a 254-
amino acid residue precursor protein. Residues 1-22 comprise the signal peptide that
is cleaved upon translocation. Residues 233-254 signal for the addition of a
glycosylphosphatidylinisotol (GPI) lipid anchor at residue 232, which holds PrP in the
membrane. These residues are also cleaved during processing. Mature PrP has the
ability to form several distinct and stable isoforms. PrPC is the normal cellular



conformation, for which many high resolution structures from numerous mammalian
sources have been determined by both nuclear magnetic resonance (NMR) (8-15)
and X-ray crystallography (16-18). PrP® is a soluble monomer dominated by an a-
helical C-terminal domain (residues 125-232) and a large unstructured N-terminus
(residues 23-89) (19). PrP*¢ is the pathological conformer that is enriched in B-sheet
secondary structure and which forms insoluble fibrils (20, 21).

Another isoform that is enriched in B-sheet structure is the B-oligomer. This is a
spherical aggregate (8-12 subunits) produced in vitro, usually from recombinant PrP®
protein that lacks the GPI anchor. The B-oligomer shares many physical
characteristics with PrP>¢ (22-26) including its toxicity to cultured cells (27), yet it
remains soluble. For these reasons, the B-oligomer is widely viewed as a useful and
more tractable model for PrP*. This is further supported by an intriguing discovery
made by Caughey and coworkers in their search to determine the size of the
smallest infectious prion aggregate ®®). Particles made from the chemical disruption
of PrP** fibrils, which were of similar size and shape as B-oligomers, were found to
be more infectious than the large fibrils, per protein subunit. Furthermore, conditions
necessary for the formation of the (3-oligomeric form of recombinant PrP have been
shown to promote their conversion to well ordered fibrils upon extended incubation
(22, 23).

The insoluble and fibrillar nature of infectious PrP>¢ has hampered the elucidation
of its structure at the molecular level, in stark contrast with the wealth of data
available for PrP®. However, many gross structural characteristics of PrP° have
been determined. Treatment with the non-specific protease proteinase K showed that
while PrP€ is sensitive to proteolysis, PrP>° fibrils can form a resistant core consisting
of amino acid residues ~90-232 (29). Mutagenesis studies of the unstructured N-
terminal region of PrP (residues 23-89) indicate that it is not required for infectivity or
fibril formation (30-33), although it does influence these properties (34-36). Fourier
Transform Infrared spectroscopy, which measures the frequencies arising from the
stretching vibrations of peptide carbonyl groups, has indicated that the transition from
PrP° to PrP*° is associated with a small loss in a-helicity and a large increase in p-
sheet secondary structure (6, 37). This was confirmed using Circular Dichroism (CD)
spectroscopy (4), which measures protein secondary structure. Similar structural
changes are observed when recombinant PrP® is converted to the B-oligomer state
or to the fibrillar form, when either full-length PrP (residues 90-232) or the truncated
version (residues 90-232, often designated PrP90) is used (23, 24) . The
ultrastructure of PrP* has also been probed using low-resolution crystallography (38,
39), and several microscopy studies have been conducted with recombinant PrP
fibrils (23, 40). Multiple research groups have combined the available biophysical
data with computational techniques to generate models for PrP¢ (38, 39, 41-45) .
Although these models differ significantly in the details of the proposed PrP>¢ subunit
structures, each includes intersubunit contacts formed by B-strand interactions as the
basis for fibril formation.



Some molecular details of PrP*° are also beginning to emerge. Antibody studies
have identified selective epitopes in the C-terminal half of PrP that are surface
accessible in PrP° but not in PrP® (46-49). One of these epitopes is a Tyr-Tyr-Arg
(YYR) motif, of which there are two in the primary structure (46). Cashman and
coworkers favor assignment of the second YYR motif (residues 162-164) as the
antigenic site (46). They also noted changes in tyrosine fluorescence that were
consistent with the solvent exposure of at least some Tyr residues upon conversion
of PrP® to the infectious state. Since solvent-exposed tyrosyl residues are often more
susceptible to chemical nitration than buried residues (50), we hypothesized that
more of the ten Tyr residues present in hamster PrP90 would react with nitrating
reagents in the B-oligomeric state, which is structurally similar to PrP>. We tested
this by reacting recombinant truncated hamster PrP90 (residues 90-232 containing
10 tyrosyl residues) in its PrP® and B-oligomer isoforms with two nitrating reagents,
peroxynitrite (PN) and tetranitromethane (TNM). Nitration efficiency was then
assessed by peptide mapping via mass spectrometry (MS) (50, 51). As anticipated,
conformationally-dependent labeling patterns were detected. We have identified two
specific regions of PrP® that undergo a conformational change upon conversion. In
sharp contrast to the results predicted from antibody studies (46), only the first YYR
motif (residues 149-151) is selectively nitrated in the B-oligomeric state.

Experimental Procedures
Production of recombinant PrP90 Isoforms

The codons for residues 90-232 of Syrian hamster prion protein were sub-cloned
from plasmid pHaPrP (52) into pET24a", creating the expression plasmid
pPET24PrP90. This construct produces a truncated recombinant protein (PrP90) in
which most of the unstructured N-terminal domain has been omitted, along with the
C-terminal residues associated with the mammalian GPI anchor. High levels of
expression (> 15 mg/L) were achieved in E. coli BL21(DE3)-Rosetta cells (Novagen,
Inc). Typically, three liters of liquid culture were grown at 37°C to an ODggo 0f 1.0 in
2xYT(53) media supplemented with 50 pug/mL kanamycin and 34 pug/mL
chloramphenicol. Expression of PrP90 was then induced with 0.5 mM isopropyl-B-D-
thiogalactoside. Cells were harvested four hours post-induction and frozen overnight.

PrP90 was purified using modifications to a published procedure (52). Frozen
cells were suspended in lysis buffer (50 mM TrisCl, pH 7.5 containing 100 pg/mL
lysozyme and 10 pg/mL DNase I) for 1.5 hours at 37°C with shaking. Inclusion
bodies were purified from the lysis pellet by repeated incubation in 50 mM Tris-Cl,
pH 7.5 containing 1% Triton X-100 followed by centrifugation. They were then
solubilized in Buffer A (0.1 M KPQOy4, 8 M urea, pH 8.0) containing protease inhibitor
cocktail (Sigma). After centrifugation, the solublized, unfolded protein was batch-
bound to 50 mL Ni(Il)-Chelating Sepharose resin (GE Healthcare), which was then
poured into a 5-cm diameter column and washed with Buffer A until the A,gp of the
eluent dropped below 0.3. PrP90 was refolded on the column by applying a 2-liter
linear gradient from Buffer A to Buffer B (0.1 M KPOQO,, pH 8.0), followed by washing



with several column volumes of Buffer B. PrP® was eluted with Buffer B containing 60
mM imidazole. When necessary, further purification was accomplished using
Hydrophobic Interaction Chromatography. Briefly, ~10 mg of PrP90 was loaded onto
a HiPrep Phenyl Sepharose 16/10 column (GE Healthcare) in 10 mM KPQOg4, 6 M
Guanidine-HCI, 1 M NH4SO4, pH 8, and eluted with a NH;,SO, gradient from 1.0 to O
M in 25 mM TrisCl, pH 8.0 containing 4 M urea. The sample was then extensively
dialyzed into 10 mM ammonium acetate buffer, pH 7. The protein was then used for
experiments or lyophilized and stored at -20°C.

To form the B-oligomer, the lyophilized PrP€ pellet was first re-suspended and
unfolded in 10 mM KPQO4, 6M Guanidine-HCI, pH 8 to a final concentration of 120 uM
protein. This was then diluted six-fold with conversion buffer (60 mM sodium acetate,
160 mM NacCl, 3.6 M urea, pH 3.7) and incubated at 37°C overnight. Next, the
samples were dialyzed into a suitable nitration reaction buffer.

Protein purity was assessed by SDS/PAGE analysis, performed on a Pharmacia
PhastSystem (GE Healthcare) using 8-25% polyacrylamide gels and Coomassie Blue
staining, according to the standard protocols suggested by the manufacturer. Bio-
Rad Broad Range Molecular Weight Marker was used as a standard. Circular
Dichroism (CD) spectra were measured on a Jasco 810 spectrophotometer equipped
with a peltier temperature controller. Conversion was also followed by asymmetric
flow field flow fractionation (AF4) on an AF2000 instrument (PostNova, Inc), equipped
with in-line UV-Vis and 7-angle multi-angle light scattering detectors. Samples of 400
pmoles or more were injected and focused for 35 s with a cross flow of 2 ml/min and
a channel flow of 1 ml/min in 25 mM sodium acetate buffer containing 3 M urea, pH
5.0. Peaks were resolved using a 3 ml/min cross flow and a channel flow of 1 ml/min.
The concentrations of purified PrP¢ samples were determined using the theoretical
extinction coefficient (54) at 280 nm of 26,025 M™'cm™. After conversion to the -
oligomer and/or nitration, protein concentration was determined with the Bio-Rad
Protein Dye Assay Kit, using untreated PrP® as the protein standard.

Nitration of PrP Isoforms

All nitration reactions were performed at room temperature and all experiments
were conducted in triplicate. Peroxynitrite (PN) was prepared according to a
published procedure (55) with the following modification and stored at -70°C prior to
use: a Bio-Logic SFM400 four-syringe quench flow apparatus was used to mix the
components, to maximize the yield of potassium peroxynitrite. PN reactions were
performed in 200 mM sodium acetate buffer, pH 5.5, containing 10 uM
diethylenetriaminepentaacetic acid, whereas 50 mM sodium acetate buffer, pH 5.5
was used for tetranitromethane (TNM) reaction. The protein concentrations in all
samples were ~12 uM. Samples were vortexed during the addition of PN and the
protein-PN mixture was allowed to react for 5 minutes prior to cleanup. TNM was
added to protein under anaerobic conditions and the reaction was allowed to proceed
overnight for PrP or 2 hours for the B-oligomer.



After nitration, reaction side products were removed by dialysis and the protein
was concentrated by precipitation with trichloroacetic acid (TCA). Protein pellets
(~15 pg) were resuspended in 50 mM ammonium bicarbonate buffer, pH 8 containing
trypsin at a ratio of 1:7.5 and digested at 37°C overnight. Tryptic peptides were
reduced in 10 mM dithiothreitol for 1 hour at 56°C and the solution was dried under
vacuum. Peptides were re-suspended in 50% acetonitrile and 0.1% trifluoroacetic
acid (TFA), mixed 1:1 with a-cyano-4-hydroxycinnamic acid matrix spiked with a 1:8
dilution of Bruker Peptide Standards for internal calibration. Peptide mass spectra
were acquired using a MALDI (matrix assisted laser desorption ionization) —TOF
(time of flight) mass spectrometer (ABI Voyager DE Pro). The level of nitration for
each tyrosine-containing peptide was estimated by taking the sum of the peak area
for each m/z assigned to the nitrated peptide (+45), the deoxy-nitrated peptide (+29)
and the dideoxy-nitrated peptide (+13) and dividing by the total peak area from the
modified and unmodified tyrsoine-containing-peptide. This method accounts for the
characteristic loss of one and two oxygens from the nitroTyr group, caused by
photodecomposition associated with the UV wavelength of the MALDI laser (56).
Tyrosine-containing peptides with methionine oxidation, with and without nitration,
were also included in the quantification. Additional potential side-products
associated with protein nitration were not encountered. For intact protein mass
analysis, PrP°was concentrated by TCA precipitation and the protein pellet was
resuspended in 50% acetonitrile, 0.1% TFA at a concentration of 1 ug/ul. The protein
was mixed 1:1 with a saturated solution of sinapinic acid matrix and analyzed in
linear mode. External calibration was performed using Bruker protein standards II.

To confirm the site of nitration on tryptic peptides containing more than one
tyrosine, sequence information was obtained by electrospray ionization (ESI) tandem
mass spectrometry (MS/MS) analysis using a QTOF micro (Waters, Milford, MA).
For sequence analysis of the YYR-peptide 149-151, cyanogen bromide digestion
was performed on TCA precipitated protein pellets (15 ug) in 70% TFA at room
temperature for 24 hours and the digestion solution was removed under vacuum.
Peptides from both trypsin and cyanogen bromide digestion were resuspended in 2%
acetonitrile, 0.1% formic acid and separated by capillary liquid chromatography using
a CapLC XE (Waters) coupled to the ESI source of the QTOF micro. The peptides
were concentrated and desalted with an in-line C1g PepMap™ Nano-Precolumn, 5
mm x 300 um, 5 um patrticle size (Dionex) followed by reversed phase separation on
a Waters Cig capillary column (15 cm x 75 um i.d., 3 um particle size). Peptides
were eluted from the column with a 70-minute linear gradient of acetonitrile from 10-
40% in 0.1% formic acid. The voltages were set at 3800 V for the capillary, 38 V for
the sample cone and 3.0 V for the extraction cone. Mass spectra were acquired
between the range of 200-1500 m/z followed by data-dependent selection of ions for
ms/ms. To enhance the selection of low abundance nitropeptides for MS/MS, only
ions with m/z values that corresponded to nitropeptide masses with a 2+ or 3+
charge state were selected for collision induced dissociation fragmentation. lons with
m/z values corresponding to the unmodified peptides were not selected for ms/ms.
Collision voltages were dependent upon the m/z and charge state of the parent ion.
MS/MS spectra were analyzed using Mascot Daemon (Matrix Science) to search a



database containing the hamster PrP90 sequence. Methionine oxidation and nitro-
tyrosine were selected as variable modifications. Mass accuracy was set to 50 ppm
for peptide tolerance and 0.2 Da for MS/MS tolerance. Solvent exposure was
determined using MOLMOL software (57).

Results

Protein Purification and Characterization

Using the BL21(DE3)- O\hmmmam
Rosetta/pET24PrP90 o
expression system, over 10mg 3
of PrP® was routinely obtained £ 5,000
per liter of culture, at a purity g PrP©
level of over 95%. The proteinis 3 B-oligomer
produced as inclusion bodies § +10.000- ;
that are readily purified fromthe 8 A
cell paste. Refolding of the W T
protein on the Ni(ll)-chelating < PrP® ot — :
column leads to the formationof ~ ™1 ‘ewtonmme(min © "
PrP®, which may be converted - 220 240 260 280 .
to its B-rich conformational Wavelength (nm)
isomer. The Circular Dichroism Figure 1. CD spectra of PrP conformational isomers.
(CD) spectra of the PrP and B- Inset: the AF, elution profiles (detection at 280 nm)
oligomeric forms of PrP90 are showing the time course of the chemical conversion of
displayed in Figure 1. The high PrP° to the B-oligomer. Times of conversion: t = 0, 15s,

a-helical content of the PrP® conformer is evident by both the overall shape (two
negative peaks at 209 and 222 nm) and by the large Mean Residue Ellipticity (MRE)
value (-13,000 + 1000 deg-cm? dmol™ residue™) at 222 nm. After conversion, the CD
spectrum takes on the characteristics of a 3-sheet protein, with a single negative
peak centered at 214 nm and a smaller MRE value of -7,500 + 500 deg-cm? dmol™
residue™. Analysis of the two isoforms by asymmetric flow field flow fractionation
(AF4) using in-line UV (Figure 1, inset) and dynamic light scattering detection
confirms that PrP® is a monomeric species and that the B-oligomer is an octamer.
This is consistent with published reports that the B-oligomeric form of both PrP90 and
the full-length recombinant protein (residues 23-232) contains 8-12 PrP subunits (22,
24, 58, 59). Conversion to the B-oligomer is efficient, with only ~ 5 — 10 % remaining
in the PrP° state after overnight reaction. This fraction was readily removed from the
B-oligomer by AF, separation. Re-injection of the purified B-oligomer peak did not
show any significant re-formation of PrP® (data not shown), even after several days
storage.

MALDI-TOF mass spectrometry of the intact protein indicates that the N-terminal
methionine encoded by the vector is processed by the E. coli host (theoretical mass
with N-terminal Met, 16462.2 Da; without N-terminal Met, 16,331.1 Da; experimental
mass 16,329 + 2 Da). This N-terminal processing is expected for cytosolic proteins



when the side chain of the penultimate amino acid, in this case Gly90 of PrP, is small
(60). MALDI-TOF analysis of a tryptic digest of the recombinant protein indicates that
the disulfide bond between the two existing Cys residues, Cys179 and Cys214, is
also intact. This results in the presence of a peak with the average mass of 3732.42
Da detected in linear mode that disappears upon peptide treatment with 10 mM

dithiothreitol.

Reaction of PrP90 Isoforms by Peroxynitrite and Tetranitromethane

Initial nitration experiments used a wide range of nitrating reagent
concentrations. However, when PrP€ is reacted with PN at concentrations > 150-fold
over protein (15-fold over Tyr residues), AF, analysis showed the presence of higher
molecular weight species in these samples (Figure 2A). Furthermore, the CD spectra
indicate a significant loss in a-helicity (Figure 2A, inset). The higher ordered
aggregates persisted even in an SDS/PAGE gel (Figure 3), indicating that the newly
formed aggregates represent covalently crosslinked subunits. Similar results were

Figure 2. AF, elution profiles of the PrP
isoforms treated with increasing concentrations
of PN. (—) untreated control, (-----) 100x PN
reaction, (") 250x PN reaction. (A) the Prp®
isoform, with the corresponding CD spectra
presented (inset). (B) the B-oligomer.
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obtained when the 3-oligomer was labeled
with 250x PN or TNM (Figures 2B and 3).
Thus, subsequent experiments were
restricted to treatment with 100x nitrating
reagents (10-fold excess over Tyr residues)
for the B-oligomer and 100x PN for PrP®, and
the structural integrity of each sample was
verified after treatment by CD and AF,
analysis. Under these conditions, PN
effectively labeled both PrP® and the j-
oligomer, whereas TNM reacted well with the
B-oligomer but poorly with PrP® (Table 1).

Figure 3. SDS/PAGE analysis of PN and TNM
reactions with PrP€ and the B-oligomer. Lane
S, MW standard;. Lane 1, PrP® untreated
control; Lane 2, PrP® + 250x PN; Lane 3, PrP°®
+ 250x TNM; Lane 4; PrP° + 1000x TNM; Lane
5, B-oligomer untreated control; Lane 6. -
oligomer + 250x PN; Lane 7. p-oligomer +
250x TNM.
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Using a higher concentration of TNM (1000x) increased the amount of nitro-Tyr
formation in PrPC to levels comparable to the 100x PN reactions. It is interesting that
when PrP€ is treated with 1000x TNM, no evidence of crosslink formation or
secondary structure changes was found, as judged by CD, AF,4, and SDS/PAGE

techniques.

Trypsin, which cuts after Lys or Arg residues, produces six Tyr-containing
peptides from PrP90 when digestion is followed by disulfide reduction. The tryptic
peptide fragments from PrP90 conformers that were treated with either PN or TNM,
or from untreated control samples, were analyzed by mass spectrometry. MALDI-
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Figure 4. A partial MALDI-TOF spectrum of peptides from the tryptic

digest of the B-oligomer, after reaction with 100x PN. Inset, expansion

of the spectrum to show the loss of one or both oxygens from the (+45) is partially
nitro-group. degraded by the
MALDI laser to produce fragments with masses corresponding to the loss of one or
two oxygens (Figure 4, inset) (56). The signals for these masses were summed to
provide the total nitration signal; the results for an average of three nitration reactions
are summarized in Table 1. Except for the nitrated P5 peptide, which was difficult to
detect by MALDI-TOF, the nitration levels of the Tyr-containing peptides were very
consistent across the replicate reactions and digestions. Thus, the estimate of
nitration for Y218 is more uncertain that for other Tyr residues.

Patterns of Tyr Nitration in PrP®

In cases where PN-labeled peptides contained more than one possible site of
nitration, tandem mass spectrometry (ESI-MS/MS, Figure 5) was used to determine the
site(s) of modification (Table 2). Since the tryptic peptide containing the first YYR motif
(Y149Y150R151) is small, aliquots of the nitrated protein were digested with cyanogen
bromide to produce a larger peptide (peptide P2b, Table 2) containing this motif (61).



Peroxynitrite treatment of PrP® results in the nitration of six Tyr residues. Y128,
Y162, and Y163 were modified at low levels, Y218 at an intermediate level, and Y225
and Y226 at the highest levels (70 — 90%). Y162 and Y163 are part of the second YYR
motif, and Y225 and Y226 are part of a conserved C-terminal YYD motif. No labeling

was observed at Y149 or Y150

(the Tyr residues of the first

YYR motif), Y157, or Y169. The

average solvent accessible

surface area was calculated

using MOLMOL (57) for each

Tyr residue, from the 25 best

NMR solution structures found

in PDB Accession #1B10 (14)
(see Figure 6 for one structure).
Y226 and Y225 are quite
surface exposed and are the
most readily nitrated. However,
the relative reactivity of the
other 8 Tyr residues does not
correlate well with the degree of

surface exposure.
TNM, which nitrates by a
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different mechanism than PN
(62), was much less reactive
with PrP® than PN; the only
peptide that was found to be
nitrated by 100x TNM was P6,

Figure 5. ESI-MS/MS spectrum of one mono-nitrated P3
peptide from the 100x PN/B-oligomer sample. Inset: the
masses of the M+H y ions expected from each of the three
potential sites of mono-nitration. (*) the loss of ammonia (-17)
from R or Q; (++) doubly charged ions.

which contains Y225 and Y226.

When 1000x TNM was used to label PrPC,

higher levels of nitration were achieved.
Analysis of the digested samples from

1000x TNM treatment showed that
P3 (Y157, Y162, Y163), P5 (Y218)
(Y225, Y226) were labeled to a sim
extent as when 100x PN was used.

However, the higher concentration of TNM

also labeled at P4 (Y169), which was not

labeled by PN. Another difference between l
reagent reactivity was noted in P1 (Y128),
which did not label with either concentration
of TNM used but which was nitrated at low

levels with PN.

As a whole, the data generated from

both nitrating reagents show that in

the most solvent exposed tyrosyl residues

peptides
, and P6
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C
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found in the C-terminal YYD are the most

Y226  vyoo5

Figure 6. Structure of hamster PrP** indicating the

10 locations and relative reactivities of the 10 Tyr
residues after treatment with 100x PN.




reactive toward nitration. The first YYR motif (Y149-Y150-R151) is unreactive toward
both reagents, whereas the second (Y162-Y163-R164) is labeled at low levels.

The thermal stabilities of

untreated PrP and the products of its 20 | Untreated Prpe ——

1000x TNM T

..............

reaction with either 200x PN or 1000x
TNM were measured by CD
spectroscopy (Figure 7). The
temperature at which 50% of untreated
PrPCis unfolded (T.,) was found to be
67 °C. This is higher than the T, of
61.3 °C reported for the full length
protein (52), which has a much larger
unstructured N-terminal domain than
the truncated PrP® used in this study. 50 .
Treatment of PrP with 1000x TNM did 25 45 65 85
not affect the T,, whereas the T, Temperature (°C)

-30 1

-40 -

CD signal (mdeg) at 222 nm

decreased by 9°C for the 100x PN- Figure 7. Thermal denaturation of PrP¢ before
treated sample. All samples show some and after treatment with 100x PN or 1000x TNM,
deviation from simple two-state unfolding ZS f0||0fweﬁ tliy th;‘ |C(>S)S inCD Signal at 222 mln( )

: ; oss of a-helicity). (m) untreated PrP~ control (o
behavior (63) but the effect is more 100x PN reaction, (A) 1000x TNM reaction.
pronounced for the PN-treated sample.

Deviation indicates that localized
unfolding occurs in some parts of the protein, and/or that a portion of the total protein in
the sample has fully unfolded at temperatures where most of the sample is intact.

Patterns of Tyr Nitration in the 8-Oligomer

When PN was used to label the B-oligomer, most Tyr residues that reacted in the
PrP form were also found to be nitrated, although the reactivity of both Y225 and Y226
substantially decreased (Tables 1 and 2). The level of mono-nitration detected in
peptide P3 (157-164) was similar in both PrP® and the B-oligomer, and similar patterns
of labeling were noted (no labeling at Y157, some labeling at Y163, majority of nitration
at Y162). Two additional Tyr (Y149 and Y150) that are inert to nitration by PN in PrP®
are quite reactive in the p-oligomeric conformer. Tandem mass spectrometry showed
that both of these residues, which are part of the first YYR motif, are capable of being
nitrated, although nitro-Y149 was the dominant product detected. Identical nitration
results were obtained for a sample of 250x PN-treated B-oligomer that had been
separated from the cross-linked aggregates using the AF, methodology.

In stark contrast with the results obtained with PrP®, TNM was an effective
reagent for labeling the B-oligomer even at 100x concentration, and produced a similar
pattern of nitro-Tyr formation as 100x PN. The only exception is Y128, which is labeled
at low levels by PN in both PrP® and B-oligomeric conformers but does not react with
TNM in either conformation.
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Discussion

Two nitrating reagents were used to probe for structural differences between
PrP°, the normal cellular form of prion protein, and the B-oligomeric conformer, which is
closely related to the disease-associated conformation of PrP (22-27). Peroxynitrite
(PN) is a water-soluble, powerful oxidant that uses a radical-based reaction mechanism
to oxidize several amino acids, including Met, Cys (thiol form), Trp, and Tyr. In addition
to the Tyr nitration discussed in this paper, some Met oxidation was also detected, but
neither of the two Trp residues present in residues 90-232 of PrP was modified by PN
(data not shown). The reactive form of PN is actually its protonated state, HONO-, (pKa
6.8) (64, 65), which can oxidize amino acids directly in a bimolecular reaction, but has a
half-life of only ~1 sec (56). HONO, decomposes to yield two radical species, hydroxide
OH* and nitrogen dioxide NO,* . An intermediate reaction with CO, produces the
carbonate radical CO3* and NO,* (65). Any of these intermediate radicals are capable
of oxidizing a Tyr residue to its radical state (Tyr*), which leads to the production of
either nitro-Tyr or diTyr crosslinks.

The relative reactivity of a Tyr residue with PN is governed by its local protein
environment (66). In approximate order of importance, these environmental factors that
increase reactivity are (i) the lack of reactive Cys residues near the Tyr, (ii) the presence
of a negatively charged residue, (iii) the absence of steric hindrance, (iv) surface
(solvent) exposure, and (v) the presence of Tyr in a loop secondary structure. Of these,
only (i) can be completely ruled out as influencing Tyr reactivity in PrP, since the only
two Cys residues present in PrP are involved in disulfide bond formation in both
isoforms studied here.

Tetranitromethane is soluble in organic solvents and so it is thought to more
readily react with buried Tyr residues than PN. However, TNM has also been shown to
nitrate surface Tyr residues (67). Its reactivity with Tyr residues is also governed by the
protein microenvironment, which includes factors such as steric hindrance, hydrogen
bonding to the Tyr hydroxyl group, and the presence of charged residues near the Tyr.
It is proposed that Tyr residues with lower pKa values will be more reactive toward
TNM, since the nitration mechanism involves formation of a tyrosinate/TNM charge
transfer complex (62).

The observed patterns of Tyr nitration for PrP€ (Tables 1 and 2) support the
premise that reactivity is influenced by more than one factor. The most readily nitrated
Tyr residues (Y225,Y226) are clearly the most highly surface exposed residues.
However, non-surface residues are also labeled to some degree. For these, no
correlation with the presence of charged amino acids or hydrogen bonding was found.
In fact, none of the identified factors that favor nitration are associated with Y218, yet
this residue is quite susceptible to nitration in PrP€. On the whole, the PrP°® data
indicate that nitration should not be used to predict global protein structure, although it
may serve as a good indicator of changes in local structure.

PrP® was surprisingly stable toward TNM treatment. To achieve similar levels of
nitration of PrP® with TNM compared with 100x PN, a 1000-fold excess of reagent (100x
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over Tyr) was required. Interestingly, the 1000x TNM-labeled PrP did not form any
cross-linked products (Figure 3) as was noted for PN treatment. Moreover, the thermal
denaturation profile (Figure 7), which is a measure of protein stability, was not modified
for PrP® treated with 1000x TNM compared with untreated PrP°. In contrast, PN
treatment of PrP® destabilized the protein somewhat, as indicated by both the decrease
in Ty and the rather large deviation from two-state unfolding behavior. This indicates
that either there is some localized unfolding within the PN-treated sample, or that some
population of the PN-treated PrP® is completely unfolded at lower temperatures (is less
stable) than the majority of the sample. Since these changes only occur for the 100x
PN-treated sample and not for the 1000x TNM-treated sample, they cannot be
attributed to the generic heterogeneity associated with a sample comprised of partially
nitrated proteins. Rather, the destabilization of PrP¢ by PN treatment is best explained
by modifications of PrP® that occur only when PN is used as the nitrating reagent. Of
the ten Tyr residues, only Y128 is nitrated by PN but not by TNM. It is quite plausible
that the nitration of Tyr128 would lead to protein instability. Tyr128 is adjacent to
Met129 and is hydrogen bonded to Asp178 in many of the hamster PrP® solution
structures (68). Both Met129 and Asp178 are residues linked to human disease (69-
73). The D178N polymorphism causes fatal familial insomnia if residue 129 is Met, and
causes Creutzfeldt-Jakob disease if the variant Val129 is present. Moreover, the D178N
mutation is predicted to eliminate the hydrogen bond between D178 and Y128, leading
to the overall destabilization of the protein (74, 75). Thus, the protein destabilization
noted in the thermal denaturation might be due to the presence of some nitro-Y128
protein in the ensemble of PN-treated PrP° proteins. Increasing the PN concentration
above 100x was associated with higher levels of nitro-Y128 formation (data not shown)
and correlated with higher levels of protein unfolding and cross-linking (Figure 2A).
Alternatively, the difference in protein stability between PrP® treated with PN vs. TNM
may arise from other oxidation events. We have noted that higher levels of Met
oxidation occur when PN is the nitrating agent, and cannot rule out that oxidation of Met
residues, in particular Met129, influences the overall protein stability, or that Met
oxidation leads to the labeling of Y128.

The marked difference in TNM labeling of PrP°¢ vs the B-oligomer was surprising -
only 100x TNM was required to nitrate ~30% of the Tyr residues and produce the same
level of nitration as with 100x PN. The patterns of nitration are similar for the two
reagents (Table 1), with the exception of Y128, which was again only susceptible to
nitration by PN. Evidently formation of an oligomer does not prevent either reagent —
the hydrophobic TNM or the water soluble PN — from accessing the susceptible Tyr
residues. Interestingly, the two Tyr residues of the C-terminal YYD motif, Y225 and
Y226, are ~50% less reactive toward both reagents. One of the published models for
the fibrillar PrP¢ state might account for this change. In the B-spiral model by Demarco
and Daggett (41), Y225 and Y226 remain part of Helix 3, but the helix is near the
subunit interface.

For both TNM and PN, the major difference in Tyr nitration between the two PrP
isoforms occurs at Y149 and Y150. Y149 was labeled reasonably well and Y150 to a
lesser degree by either PN or TNM in the B-oligomeric state, but neither residue was
nitrated in the PrP® isoform. Y159 and Y150 are part of the first conserved YYR motif.
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Thus, our evidence strongly suggests that the first YYR motif, located on Helix 1 of
PrP¢, undergoes a significant conformational change upon conversion to the B-oligomer.
The data are consistent with these Tyr residues becoming more surface exposed in the
B-oligomeric state, although other changes in the microenvironment might also influence
the reactivity (66). The B-helix model (39) for PrP>¢ places both Y149 and Y150 in a
surface exposed, solvent accessible environment, whereas in the B-spiral model (41), it
is Y149 that undergoes a shift in surface exposure. Monoclonal antibody (MAb) work
(46-48) supports the hypothesis that at least one of the YYR motifs becomes more
surface accessible in PrP®°. In one study, anti-YYR antibodies were found to specifically
recognize the diseased PrP>¢ conformation, which is structurally similar to the B-
oligomer (46). These authors favor the second YYR motif as being the conformationally
sensitive epitope. Other work using the PrP*-specific MAb 15B3 (47) has identified a
sequence containing the second YYR motif as part of its large, discontinuous epitope,
but this MAb reportedly also recognizes the sequence immediately preceding the first
YYR motif, so the results are not conclusive. A recent publication by Novitskaya et al
(48) indicates that antibody AH6 (epitopel59-174) binds to recombinant mouse PrP
fibrils only after they are completely denatured by 6M guanidine-HCI. In contrast,
antibody D18 (epitope 132-158) and IgG 136-158 are capable of binding under
conditions where the fibrillar structure is still preserved, although neither bound in the
absence of guanidine-HCI. Limited experiments were also conducted with the mouse -
oligomer, which also reacted with IgG 136-158 (D18 and AH6 were not tested).

The Tyr nitration results presented here provide an independent and
complementary technique to antibody studies. The data clearly show that only the first
YYR motif containing Y149 and Y150 is differentially nitrated by the two nitrating
reagents PN and TNM. In contrast, the second YYR motif (Y162-Y163-R164) was
nitrated only at low levels and in both conformers. This provides very strong evidence
that upon conversion of PrP® to the B-oligomer, the Helix 1 region containing the first
YYR motif, residues 149 — 151, undergoes a large structural change. It is plausible that
this change results in an increased surface exposure for these residues. Another
change in local protein environment was noted for Y225 and Y226 in Helix 3, which
showed a substantial decrease in nitration susceptibility in the B-oligomer. The
similarities between the B-oligomer and the physiologically relevant PrP*¢isoform
suggest that these conformational changes are also of biological significance. Future
experiments will examine the interactions of various MAbs with the nitrated PrP
samples, and extend the nitration studies to include the recombinant fibrillar PrP and the
PrP>¢ isoforms.
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Table 1. MALDI/TOF analysis of Tyr-containing PrP peptides produced by trypsin

digestion. The Solvent Accessible Surface Area (SASA) shown is the average value for
all NMR solution structures from PDB #1B10, using the program MOLMOL. Nitration
Key: -, 0to 5% nitration; +, 6 to 20% nitration; ++, 21 to 45% nitration; +++, 46-70%,

++++, 71 to 100% nitration.

Tryptic Peptide
Sequence
(% SASA)

100x
PN

Prp°©

100x
TNM

Prp©

1000x
TNM

Prp°©

100x
PN

B-oligomer

100x
TNM

B-oligomer

P1 (residues 111-136)
HMAGAAAAGAVVGGLGGY1,s3MLGSAMSR
(Y128, 5.6%)

+

P2a (residues 149-151) Mono-nitration

+++

+++

Y149Y150R .
(Y149, 13.7%; Y150, 2.8%) Di-nitration

P3 (residues 157-164) Mono-nitration

++

Y157PNQVY162Y163R

(Y157, 2%; Y162, 11.7%:; Di-nitration

Y163, 3.3%) Tri-nitration

P4 (residues 165-185)
PVDQY 16sNNQNNFVHDCVNITIK
(Y169, 16.4%)

++

P5 (residues 209-220)
VVEQMCTTQY215QK
(Y218, 5.6%)

+++

+++

++

++

P6 (residues 221-229) Mono-nitration

++++

++++

++

++

ESQAY225Y226DGR Di-nitration
(Y225, 39%; Y226, 59%)

++

++
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Table 2. ES-MS/MS sequencing results for mono-nitrated peroxynitrite-labeled
peptides that contain more than one potential site of nitration. The number of ions
detected for each nitrated product is indicated for each sample.

Peptide 100x PN 100x PN

Sequence Prp°© B-oligomer

P2b (residues 140-154) None Detected Nitro-Yia9 | 3
HFGNDWEDRY149Y150RENM NitrO-Ylso 1
: Nitro-Y 0 | Nitro-Y 0
P3 (residues 157-164) N:tro-YiZ 11 N:tro-YiZ A
Y157PNQVY162Y163R : :
157 Nitro-Y 163 5 Nitro-Y 163 1
P6 (residues 221-229) Nitro-Y225 2 Nitl’O-Y225 2
ESQAY225Y226DGR NitrO-Yzze 7 NitrO-Yzze 2
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Figure Legends:

Figure 1. CD spectra of PrP conformational isomers. Inset: the AF, elution profiles
(detection at 280 nm) showing the time course of the chemical conversion of PrP°® to the
B-oligomer. Times of conversion: t = 0, 15s, 30s, 30 min, and 160 min.

Figure 2. AF, elution profiles of the PrP isoforms treated with increasing
concentrations of PN. (——) untreated control, (-----) 100x PN reaction, (") 250x PN
reaction. (A) the PrP® isoform, with the corresponding CD spectra presented (inset).
(B) the B-oligomer.

Figure 3. SDS/PAGE analysis of PN and TNM reactions with PrP® and the B-oligomer.
Lane S, MW standard;. Lane 1, PrP® untreated control; Lane 2, PrP¢ + 250x PN; Lane
3, PrP® + 250x TNM; Lane 4; PrP® + 1000x TNM; Lane 5, B-oligomer untreated control;
Lane 6. B-oligomer + 250x PN; Lane 7. B-oligomer + 250x TNM.

Figure 4. A partial MALDI-TOF spectrum of peptides from the tryptic digest of the -
oligomer, after reaction with 100x PN. Inset, expansion of the spectrum to show the loss
of one or both oxygens from the nitro-group.

Figure 5. ESI-MS/MS spectrum of one mono-nitrated P3 peptide from the 100x PN/pB-
oligomer sample. Inset: the masses of the M+H y ions expected from each of the three

potential sites of mono-nitration. (*) the loss of ammonia (-17) from R or Q; (++) doubly

charged ions.

Figure 6. Structure of hamster PrP®** indicating the locations and relative reactivities
of the 10 Tyr residues after treatment with 100x PN.

Figure 7. Thermal denaturation of PrP¢ before and after treatment with 100x PN or
1000x TNM, as followed by the loss in CD signal at 222 nm (loss of a-helicity). (m)
untreated PrP° control (©) 100x PN reaction, (A) 1000x TNM reaction.
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